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INTRODUCTION
Glaucoma is the second-leading cause of blindness after cataract in both China and the world. 1, 2 With the aging of the world's population, and the steadily-rising global Cataract Surgical Rate (CSR), 3, 4 the relative importance of glaucoma as a cause of vision loss will continue to increase.
Carefully-done clinical trials have shown that early detection and lowering of intraocular pressure (IOP) delays onset 5 and progression [6] [7] [8] of glaucoma, thus preserving visual function. Due to the asymptomatic nature of early glaucoma, 50-90% of patients are unaware of their disease in population studies. [9] [10] [11] [12] [13] [14] Serious and irreversible damage is common in many low-resource settings at the time of diagnosis. 12, [15] [16] [17] Severe visual impairment caused by glaucoma can significantly reduce quality of life among those affected, causing an un-necessary burden to both the individual and to society. 18, 19 Screening for glaucoma may be a useful approach to identify cases at an early stage and reduce visual impairment and blindness. However, there has been debate about whether screening detects glaucoma at earlier stages of visual field loss. 20, 21 The study by Grødum et al. indicated that glaucoma patients diagnosed through population screening had less severe visual field damage than self-selected glaucoma patients. 20 By contrast, the Thessaloniki Eye Study 21 did not find a significant difference in severity between previously-diagnosed and undiagnosed glaucoma. In its updated screening recommendations for glaucoma, the United States Preventative Task Force (USPTF) found insufficient evidence to recommend for or against screening adults for glaucoma. 22, 23 The sparsity of data on the potential value of glaucoma screening in low and middle-income countries (LMICs) is particularly pronounced. Screening may have other benefits as well: A previous study in rural China has demonstrated that outreach screening for cataract improves equity of access to care by increasing the proportion of female, older, less-educated and poorer patients when compared to those presenting spontaneously to clinic. However, no such data are currently available for glaucoma in LMIC settings.
The Wenzhou Glaucoma Screening Program was a government-supported project aimed at improving the detection rate of glaucoma in Wenzhou, southern China. The current study is designed to compare the clinical and demographic characteristics between glaucoma patients detected through a community screening ("Screening group") and glaucoma patients newly diagnosed in hospital ("Clinic group").
METHODS

Screening Group
The Wenzhou Glaucoma Screening Program was conducted in three districts of Wenzhou, China (Lucheng, Longwan and Ouhai), between March 2014 and September 2015. Targeted subjects were residents of these districts aged 50 years or older, having specific risk factors for glaucoma: myopia, diabetes, or family history of glaucoma. This study adhered to the Declaration of Helsinki, and the study protocol was approved by the Ethics Committee of the Wenzhou Medical University. Oral informed consent was obtained from all subjects prior to participation.
The screening program was advertised in the target communities one week in advance by means of local radio, leaflets, mobile phone short message (SMS) and posters. The screening team included one publicist, four ophthalmic technicians and one ophthalmologist, who was responsible to review and interpret the examination results. The team and all equipment were transported from the Eye Hospital of Wenzhou Medical University to the screening venues, in local community centers. Screening in each community lasted from 2 to 5 days, and a total of 71 communities were covered in the three districts.
All subjects participated voluntarily in the screening program. Participants were requested to provide personal information such as name, date of birth, gender, and telephone number. After enrollment and acquisition of informed consent, all subjects received a primary ophthalmic examination at the screening center, including assessment of visual acuity (VA), IOP measurement, non-mydriatic fundus photography, and slit-lamp examination. Distance VA was assessed with each individual's habitual refraction (if available) in each eye separately (Xinkang XK-100 logarithmic visual acuity chart, Xinkang Co., Wenzhou, China) at a distance of 5 meters. IOP was measured by non-contact tonometry (Canon Tx-20 Full Auto Tonometer, Canon Inc., Tokyo, Japan) three times in each eye and the median value recorded as the final reading. Monoscopic fundus color photographs were obtained (NIDEK Non-Mydriatic AFC-330 auto fundus camera, NIDEK Inc., Tokyo, Japan or Canon CR-2 Digital Retinal Camera, Canon, Inc., Tokyo, Japan) without pupil dilation. The anterior segment of the eye was assessed by handheld slitlamp (Kanghua SLM-6M, Kanghua Inc., Chongqing, China). All fundus photographs were reviewed by a single, fellowship-trained glaucoma specialist (YBL) to identify glaucoma suspects (see below for definitions).
Glaucoma suspects were invited to the Clinical and Epidemiological Eye Research Center of The Eye Hospital of Wenzhou Medical University for a comprehensive ophthalmologic examination, including visual acuity testing, IOP measurement, slit-lamp examination, visual field testing (Humphrey Field Analyzer IIi (HFA IIi, Carl Zeiss Meditec Inc., Dublin, CA) and fundus photography (VISUCAM 200, Carl Zeiss Meditec Inc., Dublin, CA). All examinations were performed by a team of certified technicians.
Subjects whose diagnosis of primary glaucoma was confirmed by the study glaucoma specialist (YBL) were included in all analyses as the Screening group. If both eyes met inclusion criteria (see below), the worse eye was chosen. Subjects with secondary glaucoma, previous laser or incisional surgery of the retina, history of acute angle closure and/or other diseases potentially affecting the visual field were excluded.
Clinic Group
During the screening period (March 2014 to September 2015), consecutive outpatients newly diagnosed as primary glaucoma by the study glaucoma specialist (YBL) were recruited as outpatient group from the Eye Hospital of Wenzhou Medical University previous laser or incisional surgery of the retina, history of acute angle closure and/or other diseases potentially affecting the visual field were excluded. If both eyes met the inclusion criteria, the worse eye was chosen for analysis. Data on Clinic Group patients were retrieved from medical records at the time of diagnosis.
Diagnosis and Definitions (In both groups)
Glaucoma suspect: If one or more of the following characteristics were present in either eye, a participant was considered to be a glaucoma suspect: 1) Cup-disc ratio (CDR) ≥0.65, CDR asymmetry ≥0.2 or neural rim tissue ≤ 0.1;
2) Optic disc hemorrhage on either disc photography or clinical examination;
3) Localized or diffuse retinal nerve fiber layer (RNFL) defects.
Glaucoma was defined by the presence in either eye of glaucomatous optic neuropathy (optic disc hemorrhage, RNFL defect, CDR>0.7, asymmetry > 0.2 or neuroretinal rim width <0.1), with a reliable corresponding visual field defect. 24 All glaucoma cases in the clinic setting were required to be newly-diagnosed.
Glaucoma Severity: Glaucomatous eyes were categorized into five stages based on the mean deviation of the HFA II visual field test in the worst-affected eye: 25 early glaucoma (Better than −6.00 dB), moderate glaucoma (−6.01 to −12.00 dB), advanced glaucoma (−12.01 to −20.00 dB), severe glaucoma (−20.01 dB or worse), and end-stage glaucoma/blind (Unable to perform visual field testing for reasons of poor vision).
Blindness and Visual impairment: These were defined according to World Health Organization (WHO) criteria. Blindness: presenting VA < 6/120 Moderate and Severe visual impairment: presenting VA ≤6/18 and ≥ 6/120. 26 
Statistical Analysis
Statistical analyses were performed using Statistical Analysis System software version 9.1.3 for Windows (SAS Institute, Cary, North Carolina, USA). Comparisons between the Screening and Clinic groups were done using the Student's t-test for continuous variables, and Chi-Square Tests for categorical variables, adjusting for age and sex using generalized linear models and logistic regression. The proportion of patients with IOP <21 mmHg in each group was calculated. Visual acuity results were converted into logarithm of the minimum angle of resolution (logMAR) values. The visual field indices used for statistical analysis included mean deviation (MD), visual field index (VFI), and pattern standard deviation (PSD). All statistical tests were two-sided, and a p value of <0.05 was considered significant. For patients unable to perform visual field testing due to severe glaucoma, the lowest mean deviation (MD) score (−30 dB) was recorded. 27 
RESULTS
From March 2014 to September 2015, 27,144 individuals were screened in 71 communities. Among 2704 (9.96%) glaucoma suspects identified during community screening, 1539 (56.9%) underwent further ophthalmologic examination at the Clinical and Epidemiological Eye Research Center.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Though all glaucoma suspects received a written recommendation for a further ophthalmologic examination, 43.1% glaucoma suspects did not present for further detailed examinations. Subjects presenting for full examination did not differ from those defaulting with regard to sex, IOP, CDR and VA. (Table 1) Among these, 376 (24.4%) were diagnosed as having primary glaucoma, and 373 of these (99.2%, 218 women [58.4%], mean age 67.4 +/-7.6 years, 373 eyes) were recruited into the Screening group. The remaining patients were excluded due to a history of acute angle closure (n=3). During the same period, 119 consecutive newly-diagnosed primary glaucoma patients (46 women [38.7%], mean age 60.4 +/-13.7 years, 119 eyes) without history of acute angle closure were recruited to the Clinic group.
Screening group patients were significantly more likely to be women (58.4 versus 38.7%, P < 0.005) than Clinic group patients, and were significantly older (67.4 +/-7.62 versus 60.4 +/-13.7 years, P<0.001). (Table 2) Table 3 ) Median logMAR VA in the Clinic group (0.42±0.33) was significantly worse than that for the Screening group (0.26±0.24, P<0.001), and significantly more Clinic group (12/119=10.1%) patients had presenting VA < 6/120 (blindness) in the worse-seeing eye than in the Screening group (6/373 = 1.6%, P < 0.001). The Mean VFI, MD, and PSD were all significantly better in the Screening group (76.4±23.8%, -9.7±7.3 dB, and 6.4±3.4 dB respectively) than in the Clinic group (44.1±32.0%, -19.8±9.5 dB, and 7.6±3.1 dB respectively, P<0.001 for MD and VFI, P=0.001 for PSD).Worse VA, higher IOP and worse visual field defects in the Clinic compared to the Screening group persisted after adjustment for age and sex using regression modeling. (Table 3 ). 
DISCUSSION
Screening group patients had significantly less severe glaucomatous damage compared to those in the Clinic group, as measured by visual acuity, prevalence of blindness, severity of visual field indices and overall visual field grade. This is consistent with the report from Grødum et al, 20 who compared 402 glaucoma patients identified by population screening with 354 newly-diagnosed in routine clinical practice. Their Screening group had significantly lower mean IOP, better visual fields and a lower incidence of bilateral disease than the Clinic group. The VF defects of the Clinic group in the current study (Mean MD -19.8dB) were worse than those reported by Grødum et al (−16.2dB, P < 0.01, PSD not reported). This may be associated with significantly greater damage at the time of diagnosis than open-angle glaucoma, 28, 29 or lower rates of early detection of glaucoma in China as a developing country. 11, 12, 30, 31 Among our Screening group patients, 72.7% had early or moderate glaucomatous visual field defects, consistent with results of Early Manifest Glaucoma Trial (EMGT), which also employed a population-based sample. 32 The Thessaloniki Eye Study 21 compared differences in VF defects between previously-diagnosed and previously-undiagnosed cases of open angle glaucoma, according to Advanced Glaucoma Intervention Study (AGIS) visual field scores. In contrast to our findings, they did not observe a significant difference (7.2±5.8 versus 6.4±4.5, P=0.830) between the two groups. The Thessaloniki study defined previously-diagnosed patients as those who had glaucoma and positive response to at least one of following questions: family history of glaucoma, history of prior diagnosis of OHT, or history of medical or surgical treatment for glaucoma or OHT. It is possible that previously-diagnosed patients ascertained in a population setting may represent a less severely-affected group than patients identified in clinic, as patients with more severe disease and more regular follow-up are more likely to be ascertained in the latter setting.
Broman et al 27 have estimated the mean annual rate of visual field progression in the worse-affected eyes of Chinese glaucoma patients as −1.56 dB/yr (95% CI: -1.98, -1.18). This would suggest that Screening group patients were diagnosed 5.1 to 8.6 years earlier than Clinic patients in the current study. Our screening program resulted in detection of patients with MD 10 dB less severe than those newly-diagnosed in our clinic setting, which translates into significant differences in quality of life. 33 Freeman et al and McKean-Cowdin et al that even mild visual field loss can worsen health-related quality of life. 34, 35 With less severe VF defect and a mean age of 67.4 +/-7.6 years, it is expected that with appropriate management of IOP, the large majority of Screening group patients can maintain good visual function throughout their lives. Early detection has implications for the healthcare system as well as individual patients. Screening and subsequent treatment could delay or retard glaucoma disease progression but may increase costs to the healthcare system. Further study is needed to evaluate the economic impact.
Nearly 90% of Screening group patients had IOP < 21 mmHg at the time of diagnosis, compared to some 40% of the Clinic group. Chinese population-based studies have uniformly found that approximately 90% of glaucoma patients have IOP < 21 mmHg. 13, 36, 37 It is our hypothesis that the disparity in IOP between Screening and Clinic groups in the current study reflects a particular failure of the Chinese healthcare system to detect and treat glaucoma patients with "normal" IOP. This is consistent with studies revealing limited knowledge about glaucoma among Chinese ophthalmologists, and a general tendency to equate "glaucoma" with "elevated pressure." 38, 39 Given trial evidence that IOP-lowering treatment is beneficial in preventing field progression in patient with IOP in the normal range 40 , there is another potential benefit of glaucoma screening in this setting: the detection of glaucoma patients with IOP < 21 mmHg, who it appears are otherwise less likely to be detected and receive care. Implementation will depend on training Chinese ophthalmologists to offer IOP-lowering treatment for these patients, and possibly also the execution of clinical trials to examine the benefit of such treatment among Chinese subjects.
Screening patients were significantly older and more likely to be female than Clinic patients. This is consistent with previous studies of cataract outreach screening in rural China, 41, 42 and suggests that outreach screening programs can improve equity of access to eye care, if interventions can be found to maintain patients screening positive in long-term care. In many parts of China, as in There are limitations of this study. Firstly, glaucoma patients were not subdivided into open and closed-angle glaucoma, due to our having found it impractical to perform gonioscopy on this large volume of patients in the screening setting. This limited our ability to assess the degree of glaucoma damage in different types of glaucoma, to facilitate comparison with other studies, but this was not in fact the main purpose of the current study. Secondly, despite all glaucoma suspects being recommended to attend a further ophthalmic examination, a substantial number (43%) were lost to follow-up. This is typical of community screening programs, and in fact, much higher losses to follow-up have been reported in other settings. 43 However, we found no significant differences between those suspects with and without follow-up in terms of sex, IOP, CDR and VA. Therefore, we believe that the glaucoma suspects enrolled in the current study are likely representative of suspects detected during community screening. Thirdly, the Clinic patients were recruited from a glaucoma specialist clinic, which might be expected to include more severely-affected patients. However, the glaucoma clinic in this case is the most common location for management of glaucoma patients and suspects at Wenzhou Medical University, making it the largest single source of such care in the area. It receives patients with a broad range of clinical presentations, including those determined ultimately not to have disease. Importantly, by restricting the Clinic wing of the study to newly-diagnosed patients, we reduced the tendency to select for more severely-affected patients. For these reasons, we feel that this cohort is generally representative of glaucoma patients receiving clinical care in this setting. Finally, we did not address the issue of cost-effectiveness of our screening program, which will be considered in a future publication.
In summary, the current report is one of the first to address the impact of large-scale community screening for glaucoma, targeting high risk subjects in a low and middle-income country setting. We demonstrated it was possible to detect glaucoma patients with 10 dB less damage than those newly-diagnosed in a clinic setting, and also found that the proportion of patients with IOP < 21 mmHg was far closer to that reported for the population at large when compared to clinic patients. Finally, our program showed the potential to address gender and age inequities in access to eye care for glaucoma patients in this setting. Such screening strategies in China may help to delay visual field damage caused by glaucoma, prevent blindness and reduce the economic burden of glaucoma care. Their cost effectiveness remains to be determined in future studies. 
